In bacteria and plants, the aromatic amino acids phenylalanine, tyrosine, and tryptophan are synthesized via the shikimate pathway (7, 13) . The first enzyme of this pathway is 3-deoxy-D-arabino-heptulosonate 7-phosphate (DAHP) synthase (EC 4.1.2.15). In Escherichia coli, the three unlinked genes aroF+, aroG+, and aroH+ (1) encode three isoenzymes of DAHP synthase that are sensitive to tyrosine, phenylalanine, and tryptophan, respectively (2) . Carbon flow through the shikimate pathway is controlled by modulation of DAHP synthase; although all three DAHP synthases are transcriptionally regulated (3, 6, 11) , feedback inhibition is quantitatively the major control mechanism in vivo (12) . The three genes have been cloned (4, 19, 20) , and the amino acid sequences of the encoded DAHP synthases have been obtained through combinations of amino acid and nucleotide sequence analyses (8, 14, 16, 17) . The three isoenzymes are immunologically distinct (10), yet amino acid sequence alignment shows regions of near identity interspersed with seemingly unrelated sequences (5, 16) . Several aroH alleles encoding feedback-insensitive enzymes have been isolated and the mutations have been identified by nucleotide sequence analysis (14) . We report the cloning and nucleotide sequence of an aroF allele encoding a tyrosineinsensitive DAHP synthase. A single base pair change, resulting in a Pro-to-Leu substitution, is sufficient to lead to tyrosine insensitivity.
Cloning of the MK201 aroF allele. E. coli mutants containing tyrosine-insensitive DAHP synthase were obtained by selection for growth in the presence of 3-fluorotyrosine (Kimpel and Herrmann, unpublished data). The aroF allele was cloned from one such mutant, designated MK201; in cell extracts of strain MK201, DAHP synthase is insensitive to tyrosine. In wild-type E. coli, the entire aroF gene is contained on a single BglII fragment (8) . We intended to clone the corresponding BgIII fragment from size-fractionated MK201 DNA by employing the positive selection vector, pKGW (9) (Fig. 1) plasmid, designated pLW22, contained an 8-kb insert that hybridized to the 714-bp DdeI ( Fig. 1 ) aroF probe (6, 11) . Digestion of pLW22 with HindIII-BglII gave a 950-bp fragment that hybridized to the probe. This result was unexpected, since the corresponding wild-type fragment is 1.8 kb in size. Subsequent detailed restriction analysis and hybridization of pLW22 with the 796-bp DdeI ( Fig. 1 ) aroF probe (6, 11) suggested a new BglII site and revealed that only the 5' end of the MK201 aroF allele had been cloned (Fig. 1) . Apparently, our selection allowed survival of plasmid-bearing strains that did not contain an intact aroF gene.
To verify that the aroF allele of MK201 contained a new BgIII site, chromosomal and plasmid DNA of wild-type E.
coli W3110, mutant MK201, and plasmid pLW22 were digested with BglII-EcoRI and subjected to Southern analysis with the 714-bp DdeI probe. The hybridization pattern for the BgIII-EcoRI digest of MK201 and pLW22 DNA showed a 2.6-kb hybridizing fragment instead of the 3.6-kb fragment found in W3110 DNA. This result indicated that the MK201 mutation had generated a new BglII site within the aroF coding region.
To obtain the 3' end of the aroF mutant allele, a partial pKGW-derived PstI library was generated. One plasmid of this library, designated pLW12 ( Fig. 1) , contained a 3.5-kb PstI fragment that hybridized to both the 714-and 796-bp DdeI probes (Fig. 1) . The aroF gene from MK201 was reconstructed from plasmids pLW22 and pLW12 (Fig. 1) .
The ClaI-BgIIl fragment of pLW18 containing the wild-type aroF gene was replaced with the CIaI-BglII fragment from pLW22 containing the 5' end of the mutant aroF allele. The resulting plasmid pLW1812 contains a unique BglII site into which the BgIII fragment of pLW12 was inserted, giving plasmid pLW4 (Fig. 1) .
Nucleotide sequence analysis. Figure 2 shows the strategy for sequencing the HE628(pCG201) , bearing the plasmid with the wildtype aroF allele, produced DAHP synthase that was feedback inhibited by L-tyrosine. In strain HE628(pLW42), bearing the plasmid that encodes the Leu-148 aroF product, the' enzyme was insensitive to tyrosine. Extracts of HE628(pLW4) showed no measurable DAHP synthase. The Leu-148 aroF product was purified and tested for tyrosine sensitivity (Fig. 4) . The enzyme was not inhibited by tyrosine, even at concentrations that reduced the wild-type enzyme activity by more than 90%. In fact, this enzyme may be slightly activated by the amino acid, a phenomenon that we observed previously for the wild-type E. coli enzyme at a very low substrate concentration (15) and also for the enzyme from carrots under physiologically more relevant conditions (18) . Thus, a single amino acid residue change at position 148 is sufficient to generate an aroF product derivative that is fully insensitive to tyrosine feedback inhibition.
The nature of the amino acid residue change is noteworthy. Although residue 148 is Pro in the tyrosine-sensitive DAHP synthase, the corresponding residue in the phenylalanine-and tryptophan-sensitive DAHP synthases is Met (4, 14) . Met and Leu residues have similar hydrophobic characters and similar effects on protein secondary structure. Thus, the mutation that results in a tyrosine-insensitive DAHP synthase increases the similarity in the primary structure between the three enzymes.
The position of the mutation within the gene deserves comment. Sequence alignment of the three E. coli DAHP synthase isoenzymes (14, 16) and with the enzyme from c C:
other organisms (5, 11) revealed common structural domains that are separated by regions of largely unique sequences. Residue 148 is in a region of low sequence identity between two structural domains. This region was previously identified as a major part of the allosteric site for the tryptophansensitive isoenzyme (14) . Amino acid changes in the two residues flanking position 148, namely, Val-147 and Gly-149, gave aroH products that were no longer feedback inhibited by tryptophan. Thus, residues 147 through 149 appear to represent part of an aromatic amino acid-binding pocket common to at least two of the three E. coli DAHP 
